The hanger reflex (HR) is an involuntary head rotation that occurs in response to a clothes hanger encircling the head and compressing the unilateral fronto-temporal area. Here, we developed an elliptical device to induce the HR and examined its utility for the treatment of cervical dystonia (CD). The study included 19 patients with rotational-type CD. The device was applied to each subject's head for at least 30 min/day for 3 months. Severity scores on part 1 of the Toronto Western Spasmodic Torticollis Rating Scale were evaluated at baseline and after the 3-month trial. Mean scores without and with the device were significantly different both at baseline (16.6 vs. 14.7, respectively; P < 0.05) and after the trial (14.9 vs. 13.6, respectively; P < 0.05). This preliminary trial suggests that our device can improve abnormal head rotation in patients with CD.
Introduction
Cervical dystonia (CD) is a type of dystonia in which patients demonstrate an involuntary abnormal head position. The exact cause of CD remains unclear, but it is thought to result from an acquired neurological abnormality. The reported incidence of CD is 1.07 per 100,000 person/years. 1) A variety of treatments exist for CD, including electrical stimulation, 2) biofeedback, 3) physical therapy, 4, 5) botulinum toxin (BTX) injection, 6) spinal cord stimulation, 7) deep brain stimulation (DBS), [8] [9] [10] and selective denervation. 11) According to the guidelines of the European Federation of Neurological Societies, intramuscular BTX injection is the first-line treatment for CD; 12) however, BTX treatment requires repeated injections every 3 months and is not financially feasible for some patients. Deep brain stimulation targeting the globus pallidus or subthalamic nucleus is recommended for patients who do not respond to BTX treatment. [8] [9] [10] While DBS is effective in a proportion of patients, it is both invasive and costly.
When the head is encircled with an ordinary wire clothes hanger (Fig. 1A ) and the fronto-temporal region is compressed by the long side of the hanger, reflexive head rotation towards the compressed side occurs (Fig. 1B) . 13) We named this phenomenon as the hanger reflex (HR). [13] [14] [15] We induced the HR in patients with CD and found that it reduced abnormal head rotation, indicating its potential utility for the treatment of CD. 16 ) Accordingly, we developed a portable device for inducing the HR and applied it to a sample of patients with Neurol Med Chir (Tokyo) 58, May, 2018 Figs. 2A and 2B) . 17, 18) We then performed a preliminary clinical trial to assess the efficacy of the HR device for the treatment of CD.
Materials and Methods

Subjects
A total of 23 patients with rotational-type CD were recruited from 7 facilities in Japan. Written informed consent was obtained from all subjects prior to study participation.
Methods
During screening, a steel wire hanger was applied to each subject's head to confirm presence of the HR (Figs. 1A and 1B). Our portable HR device was elliptical and made of fiber-reinforced plastic with an interior urethane rim ( Fig. 2A) . We prepared 7 sizes of the device; the smallest size was 547 mm in circumference and additional sizes were each 2 cm larger. A size was selected for each subject based on his or her head circumference. Briefly, the device was applied to the subject's head and rotated in the same direction as the patient's torticollis, to compress the opposite-side fronto-temporal region (Fig. 2B) . During the trial, patients self-applied the device for more than 30 min total each day for 3 months. The patients were allowed to complete the 30 min application over multiple periods (e.g., 3 periods of 10 min each). The patients returned for outpatient follow-up visits each month after starting the trial to confirm proper application of the device and procedural compliance. Scores on the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) part 1 (severity scores) were evaluated at baseline and after the 3-month trial period, before and during device application. 19) The score was first measured without the device and subsequently with the device in place. After the conclusion of the trial, a questionnaire was administered to assess any side effects of the device.
Statistical analysis
All data are expressed as the mean ± standard deviation. Wilcoxon rank-sum tests were used to compare scores on the TWSTRS part 1 using JMP 11 software (SAS Institute Inc., Cary, NC, USA).
This study was approved by the Ethics Committee of the University of Toyama (ID 23-141) and each institutional ethics committee (trial registration: UMIN 000007772).
Results
All subjects displayed the HR prior to the trial; however, 4 patients were excluded due to logistical difficulties with attending regular hospital visits. Accordingly, 19 patients (12 men and 7 women) with a mean age of 52.8 years (range, 23-86 years) were included in this study. The median disease duration was 36 months (range, 4-348 months). Figures 3 (line chart) and 4 (boxplots) show TWSTRS part 1 scores before and after the trial, evaluated with and without the device. Mean scores at baseline without and with the device were 16.6 ± 4.2 ( Fig. 4A ) and 14.9 ± 1.7 ( Fig. 4B) , respectively, whereas scores after the 3-month trial period were 14.7 ± 4.3 ( Fig. 4C ) and 13.6 ± 4.6 ( Fig. 4D) , respectively. The scores were significantly decreased immediately after device application at baseline (Fig. 4 , A vs. B [immediate change,] P < 0.05) and at the end of the 3-month trial period (Fig. 4 , C vs. D, P < 0.05). Without application of the device, the scores were significantly decreased between baseline and the end of the 3-month treatment period (Fig. 4 , A vs. C [lasting change] P < 0.01). All patients experienced a tolerable level of local pain while wearing the device; but no patient dropped out due to pain. Additionally, there were no skin problems reported in association with device use, such as skin abrasions or other side effects related to device application. None of the participants returned the devices after the trial; rather, they all expressed the desire to continue using the device.
Illustrative case
A 45-year-old woman presented with a 4-month history of CD. Her head was rotated to the right (patient's right) and she had difficulty rotating to the left (Fig. 5A) . The patient's condition was refractory to multiple medications as well as acupuncture. She was then enrolled in the present study. Application of the portable device to the patient's head allowed her to rotate to the left (Fig. 5B) . After the 3-month trial, the patient was able to move her head to the left even without application of the device (Fig. 5C ). The TWSTRS part 1 scores without and with the device were 23 and 16 at baseline, and 17 and 14 after the 3-month trial period, respectively. The patient did not report any side effects during the trial.
Discussion
In this study, we observed significant immediate and lasting changes in patients with CD after HR device application. The TWSTRS scores decreased immediately after device application (Fig. 4, A vs . B, immediate change) and after the 3-month trial period, A and B) show the immediate effects of the device, whereas (C and D) demonstrate the absence of a habituation effect over a 3-month period. All changes were statistically significant (P < 0.05). Compared to A and C, the scores were significantly decreased (P < 0.01), which means the effect lasted even without using the device (lasting change).
Fig. 4 Changes in the severity scores of the Toronto Western Spasmodic Torticollis Rating Scale part 1 (boxplot). Boxplots of baseline scores without (A) and with the device (B) and after the trial without (C) and with the device (D). (
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even without additional device application (Fig. 4 , A vs. C, lasting change). These findings indicate that our HR device not only allowed rotation of the head during use but also improved abnormal head rotation in a long-lasting fashion. The persistent effects of repeated device application on abnormal head rotation (Fig. 4 , C vs. D) also indicate that there was no habituation effect to repeated HR induction or to use of our HR device. The phenomenon named by us as the "hanger reflex" was first reported in 1991. 20) Christensen applied a square cardboard box to the heads of 2 patients with spasmodic torticollis at approximately 45°, such that the boxes pressed on the fronto-temporal forehead, and abnormal head rotation was reduced. Matsue et al. demonstrated that this phenomenon was related to non-noxious compression of the fronto-temporal region. 14) In 2009, a specialized machine was developed to produce involuntary head rotation by pressing on the fronto-temporal region. 15) We previously reported that more than 90% of healthy volunteers experienced a rotating sensation of the head after fronto-temporal compression, indicating that the HR is common in healthy subjects. 13) In the present study, a majority of subjects (85.4%) exhibited the HR in the direction of the compressed side; moreover, the HR restricted abnormal head rotation related to CD. In a previous study, the device was shown to generate sufficient pressure on the fronto-temporal region to restrict pathological head rotation even after its use for only 1 month. 16) Sensory tricks are well-known phenomena that can temporarily relieve the symptoms of dystonia. We do not believe that the HR is a sensory trick because the HR is present in both normal subjects and patients. Moreover, according to previous studies, the HR requires neither pain nor visual information. 14, 15) In a previous study, electromyographic (EMG) activity of the sternocleidomastoid muscle (SCM) was monitored in healthy subjects during the HR and showed that when subjects rotated to the left, the application of a hanger to the right fronto-temporal region suppressed EMG activity in the right SCM and caused the subject to assume a neutral position. 21) In a patient with CD, the HR suppressed abnormal EMG activity in the inferior obliquus capitis muscle and improved symptoms. 21) These findings outline a physiological basis for the HR and suggest that the HR relaxes abnormal muscle contraction in patients with CD.
We believe the underlying mechanism of the HR is a sensory illusion, rather than a sensory trick. We previously hypothesized that the shearing force of a hanger or device applied to the skin of the head induces head rotation. This hypothesis has been supported by work from our co-authors, who developed a spring-loaded lozenge device to generate shearing force on the skin of the head; 22) regardless of the region of fronto-temporal compression, the head rotated medially when the skin was sheared to the medial side and laterally when the skin was sheared to the lateral side. With our device, rotation first pulled the skin on the fronto-temporal region to the medial side and then pulled the skin laterally after device release (Fig. 2) . We thus suggest that shearing force is required for induction of the HR; specifically, we hypothesize that discomfort related to the shearing force causes subjects to move in the direction of the shearing force to resolve the uncomfortable sensation. Accordingly, when the head is continuously sheared towards the compressed side, the head rotates.
The temporal line demarcates the muscular origin of the temporal muscle, and is located in the frontotemporal region, where it forms an angle on the frontotemporal forehead. In our previous research, the HR was absent in 7.9% of the 240 trials from 240 volunteers. 13) On this basis, non-responders to HR induction may have a more obtuse angle at the temporal line, making it difficult to induce skin shearing force. Our co-authors tentatively named this phenomenon (with unknown mechanism) the "hanger reflex" in 2008. 14) After publishing a study on the mechanism of the HR in 2014, 22) we believe that the phenomenon is induced by a sensory illusion, and that the HR does not involve a reflex arc of the type that underlies a deep tendon reflex. We discussed whether the term "reflex" should be used, but ultimately decided to continue using the term "reflex" because there were many papers using the term by that time.
While the present study noted promising effects of HR device application in subjects with rotationaltype CD, further studies are necessary to examine the efficacy of this treatment for other types of CD. We found that the HR occurred in the anterior-posterior and lateral directions when the device was applied anterior-posteriorly and laterally, respectively. Similar phenomena have been reported in other regions of the body, including the wrist and waist; 23, 24) the HR is thus considered to be a universal bodily phenomenon. Knowledge of this phenomenon has the potential to improve the treatment of neurological disorders, including dystonia in various body parts. The HR device is especially beneficial for patients with CD who cannot afford costly treatments such as BTX or DBS. Our HR device should therefore be considered for use in developing countries with limited financial resources. The modified device has recently become available as a general medical device in Japan (approval number, 35519001).
There were some limitations to this study. First, only a small number of patients were included in our analysis. Second, given the preliminary nature of this study, and to accommodate the unique demands of patients accustomed to BTX therapy, we used a 3-month observation period. Further improvements might be conferred in a longer trial. Third, the changes in TWSTRS part 1 scores in this study were relatively small; however, these changes were statistically significant over a short observation period. Fourth, this study did not use a control group for comparison, given the difficulty of designing a placebo condition for our experiment. Further research with a large number of patients is required to fully explore the effectiveness and utility of the HR device for the treatment of CD.
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